Abstract. The purpose of this study was to develop predictive/prognostic markers for liver metastasis and recurrence following liver resection, investigating not only clinical parameters but also molecular markers that are known to be involved in the process of liver metastasis. Seventy colon cancer patients with either no distant metastasis (group A) or with resectable synchronous liver metastasis only (group B) were prospectively enrolled. All 70 patients received curative resection of the primary tumor. Group B patients underwent additional liver resection. Clinical parameters as well as serum levels of molecular markers [carcinoembryonic antigen (CEA), osteopontin, matrix metalloproteinase-7 (MMP-7), tissue inhibitor of metalloproteinase-1 (TIMP-1), hepatocyte growth factor (HGF), vascular endothelial growth factor (VEGF) and E-selectin] from both tumor drainage (DV) and peripheral veins (PV) were analyzed. Results showed the clinical parameters were not significantly different between groups A and B. Nonetheless, the levels of VEGF and TIMP-1 from both DV and PV were significantly higher in group B compared to group A. In group A, 10 out of 33 (27.0%) patients developed metachronous liver metastasis. High levels of VEGF and TIMP-1 from DV were found to be significantly correlated with metachronous liver metastasis. In group B, 20 out of 33 (60.6%) patients had intrahepatic recurrence following resection of synchronous liver metastasis. The levels of VEGF from DV and the levels of TIMP-1 both from PV and DV were found to be significantly correlated with intrahepatic recurrence. Forty patients (7 from group A and 33 from group B) had liver resection and their 5-year disease-free survival rate was 15.9%. Univariate and multivariate analyses of prognostic factors revealed that the levels of VEGF and TIMP-1 from DV as well as the presence of lymph node metastasis from the primary tumor, synchronous metastasis and R1 resection were significantly associated with worse prognosis. The colon cancer patients with high levels of VEGF and TIMP-1 detected from the DV at the time of their initial surgery were found to have a high risk of metachronous liver metastasis and hepatic recurrence following the resection of synchronous liver metastasis. The high levels of VEGF and TIMP-1 were found to be significant predictive factors for poor prognosis following liver resection. These results require validation but pave the way for future transitional or clinical studies that may provide a greater understanding of colon cancer liver metastasis.
Introduction
Liver metastasis occurs in almost 50% of patients with colon cancer during the course of the disease (1) . Confined liver metastasis from colon cancer may be successfully treated by surgical resection with a 5-year survival ranging from 20 to 40% (2) . However, of those patients who undergo surgical resection for liver metastasis, more than two thirds experience recurrence (3) (4) (5) . Therefore, liver metastasis is a crucial issue for the treatment of colon cancer and it would be invaluable to develop predictive markers for screening high risk groups of patients for liver metastasis and prognostic markers for recurrence following liver resection. Although numerous studies have reported prognostic factors for recurrence and survival following hepatectomy and predicive factors for liver metastasis our current knowledge remains incomplete. Many studies regarding this issue have been carried out. However, the majority of previous studies investigated only clinical parameters. Recent studies in search of prognostic factors for cancer have involved molecular markers that are known to be associated with the mechanism of the disease (6, 7) . Thus, investigating the molecular markers that are correlated with colon cancer liver metastasis may improve our understanding of its prognosis. Currently, a limited number of studies are available that cover not only clinical parameters but also molecular markers.
The purpose of this study was to develop predictive/prognostic markers for liver metastasis and recurrence following liver resection, investigating not only clinical parameters but also molecular markers that are known to be involved in the process of liver metastasis.
Materials and methods
Patients, treatment and follow-up protocol. We prospectively enrolled 70 colon cancer patients who underwent surgery between August 2004 and June 2006. The eligibility criteria included age between 20 and 70 years, biopsy proven adenocarcinoma arising from the colon or rectum, radiologically confirmed M0 or with resectable synchronous liver metastasis (M1). Exclusion criteria were: patients with unresectable liver metastasis or extrahepatic metastasis, history of cancer within five years, poor medical condition that disallowed surgery or chemotherapy, and pregnancy. Resectability was determined by the Colorectal Tumor Board at Severance Hospital, Yonsei University Health System, Seoul, Korea, which is composed of surgical and medical oncologists as well as radiologists and pathologists. Abdominal computed tomography (CT) scans and/or positron emission tomography (PET) ruled out extrahepatic metastasis. Enrolled patients were classified into two groups: group A comprised patients without liver metastasis and group B comprised patients with synchronous liver metastasis.
The patients received neither chemotherapy nor radiation therapy prior to surgery. The patients in group A received curative surgery for the primary tumor (i.e., colon cancer) only and postoperative adjuvant chemotherapy was administered on the basis of their pathological reports. In group B, the patients received surgery for the primary tumor plus liver resection with curative intent and all were recommended to receive postoperative chemotherapy. The regimen was decided by the treating physician. Postoperative follow-up was carried out every three months. Radiological evaluation with CT and/or PET-CT was carried out every six months to detect any recurrence.
The study was approved by the Institutional Review Board, and informed consent was obtained either from the patient or the patient's family.
Selection of candidate molecules. To determine potential candidate molecules for this study, we searched the medical database PubMed using the keywords: colon neoplasms, liver metastasis and biological markers. We limited our search scope to studies involving adults above the age of 19 and human subjects only. We only included English language publications. Following retrieval of the list of publications we limited our focus to molecules that could be detected in the blood and that could be analyzed by enzyme-linked immune specific assay (ELISA) with commercially available antibodies. We then reviewed the body of relevant studies published and selected the seven molecules that were most widely studied and were known to be involved in each step of the liver metastatic process (Table I) . Blood sampling and ELISA. Blood samples (5 ml) were drawn from the peripheral vein (PV) and tumor drainage vein (DV) and placed in plain tubes. PV blood was obtained 1 h prior to surgical incision. DV blood was obtained prior to the ligation of any branch of the superior mesenteric vein in patients with proximal colon cancer and prior to the ligation of the inferior mesenteric vein in patients with distal colon and rectal cancer. Samples were immediately centrifuged and plasma and serum were separately stored at -70˚C until analysis. ELISA for all seven molecules was performed using commercially available kits according to the manufacturer's instructions (VEGF, HGF, E-selectin, MMP-7, TIMP-1, osteopontin: R&D Systems, Inc., MN, USA; CEA: IBL-Hamburg GmbH, Hamburg, Germany). Diluted serum was transferred to wells of plates pre-coated with primary antibody. Following the recommended incubation period, plates were washed with buffer solution, and substrate solution was added and incubated as instructed. The wells were developed with color-reagent. Stop solution was added to each well after incubation and the optical density was measured at a wavelength of 450 nm using automated optical densitometry. Each sample was run in triplicate, and the mean value was used for analysis. If the R 2 of standard solutions was <0.98, data from the plate were excluded.
Statistical analysis. Analyzed clinical parameters included age, gender, the location of the tumor (right versus left colon), TNM stage, histological grade and lymphovascular invasion. Data on molecular factor levels are shown as the mean ± standard deviation (SD). The Mann-Whitney U-test, Fisher's exact test and McNemar test were used to compare the differences in molecular factor levels between the clinical and pathological features. Cox proportional hazards analysis was used to evaluate the relationship between the pathological features, plasma molecular factor levels and overall survival. P<0.05 was considered statistically significant.
Results

Patient characteristics and factors related to synchronous liver metastasis.
The mean age of group B (58.8 years) was higher than that of group A (56.5 years), but did not reach statistical significance. In both groups A and B, pT3-4 occurred more frequently than the other stages and lymph node metastasis was found equally in both groups A and B (Table II) . Overall groups A and B had statistically identical clinical features with the exception of lymphovascular invasion, the frequency of which was significantly higher in group B (p= 0.004). No surgery-related mortality was reported in either group.
In the DV, the serum levels of VEGF (p<0.001) and TIMP-1 (p<0.001) in group B were significantly higher than those in group A. In PV, the serum levels of E-selectin (p=0.049), VEGF (p=0.024) and TIMP-1 (p<0.001) demonstrated a significant difference (Table III and Fig. 1 ). Of note, the levels of VEGF and TIMP were higher in group B, whereas the levels of E-selectin were higher in group A.
Multivariate analyses were performed to identify clinicopathological factors and molecular markers associated with liver metastasis. The level of TIMP-1 from the DV was found Table III . Analyses of the levels of molecular markers in tumor drainage and peripheral veins. Values are shown as the median ± SEM; a P, comparison between DV and PV; b P, comparison between groups A and B; CEA, carcinoembryonic antigen; VEGF, vascular endothelial growth factor; HGF, hepatocyte growth factor; MMP-7, matrix metalloproteinase-7; TIMP-1, tissue inhibitor of metalloproteinase-1; LM, liver metastasis; PV, the serum level of a molecule from the peripheral blood; DV, the serum level of a molecule from the drainage vein. Units are: ng/ml for CEA, E-selectin, osteopontin, MMP-7 and TIMP-1; pg/ml for HGF and VEGF. PV, peripheral vein; DV, drainage vein. to be the most significantly different factor between groups A and B (HR 4.20; p=0.001) followed by the level of VEGF from DV (HR 4.87; p=0.004). The levels of TIMP-1 from both the DV and the PV were significantly different between groups A and B (Table IV) . No clinical factors were found to be significant in the multivariate analysis.
Factors associated with metachronous liver metastasis. The median follow-up period for group A was 54 months (range, 33-78) and the 5-year disease-free and overall survival rates were 64.1 and 77.4%, respectively. Of the 37 patients in group A, 4 patients developed local recurrence, 10 developed systemic recurrence and 3 developed both local and systemic recurrence simultaneously. Of the 13 patients who had systemic recurrence, 10 patients (27.0%) had metachronous liver metastasis. The median time to recurrence was 27.3 months. We investigated factors correlated with metachronous liver metastasis by univariate and multivariate analyses (Table V) , which revealed that only the levels of VEGF and TIMP-1 from DV were found to be independent prognostic factors for metachronous liver metastasis.
Factors associated with hepatic recurrence following the simultaneous resection of colon cancer and synchronous liver metastasis. In group B, 7 patients had a solitary lesion and the remaining 26 patients had multiple lesions. The median follow-up period was 45 months (range, 27-69). The 5-year disease-free and overall survival rates were 19.2 and 36.8%, respectively. A total of 27 patients had recurrence following their initial surgery, among which 20 patients (60.6%) developed intrahepatic recurrence. Eight patients had liver-only recurrence and 12 patients had liver and other organ metastasis simultaneously. The median time to recurrence was 19 months. For adjuvant chemotherapy following initial surgery, 25 patients received FOLFOX, 1 FOLFOX + bevacizumab, 6 FOLFIRI, and 1 FOLFIRI + cetuximab. We performed univariate and multivariate analyses for factors associated with intrahepatic recurrence. A significant correlation was found between the levels of VEGF from the DV and TIMP-1 from both the PV and DV (Table VI) . Prognostic factors following liver resection. In group A, 10 patients developed metachronous liver metastasis, of which 7 patients received surgical resection or radiofrequency ablation (RFA). In group B, 33 patients developed synchronous liver metastasis, and the prognosis following resection of liver metastasis was analyzed. The median follow-up period was 18 months. The 5-year disease-free and overall survival rates for groups A and B were 15.9 and 33.2%, respectively. Of 7 patients from group A who had received surgical resection or RFA with recurrence, four had solitary lesions and the other three had multiple lesions. All 7 patients had recurrence following liver resection. Five patients had hepatic-only recurrence and the remaining 2 had other systemic recurrences in lung and paraaortic lymph nodes. CEA, carcinoembryonic antigen; VEGF, vascular endothelial growth factor; TIMP-1, tissue inhibitor of metalloproteinase-1; LVI, lymphovascular invasion; PV, the serum level of a molecule from the peripheral blood; DV, the serum level of a molecule from the drainage vein; CI, confidence interval.
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Results of the univariate and multivariate analyses of prognostic factors revealed that the levels of VEGF and TIMP-1 from DV as well as the presence of lymph node metastasis from the primary tumor, synchronous metastasis and R1 resection were significantly correlated with worse prognosis (Table VII and Fig. 2 ).
Discussion
Findings of the present study have shown that the levels of VEGF and TIMP-1, detected in the blood from the vein that directly drains from the primary tumor, were correlated with synchronous and metachronous liver metastasis and hepatic recurrence following R0 resection of liver metastasis more significantly than any other clinical parameters. VEGF is a well-known angiogenic molecule that is overexpressed in the majority of solid organ cancers. It is known to act specifically on endothelial cells to promote new vessel formation and is uniformly reported to be associated with cancer progression (8, 9) . TIMP-1 is the primary inhibitor of MMP-9 and an imbalance in the MMP-9/ TIMP-1 ratio has been proposed to be a potential reason for progression of adenoma to carcinoma (10) . Several studies have shown that TIMP-1 level was increased in colon cancer patients and correlated with poor prognosis (10,11). Table VII . Univariate and multivariate analyses for prognostic factor (disease-free survival) after resection of liver metastasis.
Univariate analysis
Multivariate analysis A B Figure 2 . Disease-free survival curves according to the levels of (A) VEGF and (B) TIMP-1.
To the best of our knowledge, this may be the first study to address the clinical importance of molecular levels from the tumor drainage vein (DV), rather than the peripheral vein (PV) in liver metastasis. The rationale behind this finding is that molecules that are expressed and secreted by the primary tumor circulate through the capillaries of the liver, lungs and the rest of the body prior to reaching the peripheral veins and during that circulation a large part of the molecules may be metabolized or decayed. Our hypothesis was that the level of these molecules detected in the DV might carry more accurate information regarding the tumor status and prognosis than in the PV. Tien et al (12) analyzed the relationship between the level of angiogenic factors in both the DV and the PV and prognosis in colon cancer patients. These authors found that the level of VEGF in the DV was an independent prognostic factor. Results of the present study are in concordance with those of Tien et al (12) .
A previous study by Yoon et al (9) successfully demonstrated the clinical implication of angiogenic molecular markers in colon cancer patients with liver metastasis. These authors measured the circulating levels of angiogenic molecules such as VEGF, bFGF, EGF and HGF preoperatively and on the third day, first and third month postoperatively. They also found that the preoperative VEGF and HGF levels were significant prognostic factors for recurrence-free survival. High levels of either of these molecular markers were prognostic of poor survival. The fact that a high VEGF level was correlated with poor prognosis is in concordance with our results, whereas the VEGF level found in the study by Yoon et al (9) was measured only in the peripheral vein. In our study, univariate analysis revealed that the VEGF level from both the tumor drainage vein and peripheral vein were significantly correlated with the prognosis. However, multivariate analysis revealed that the VEGF level from only the tumor drainage vein was an independently significant prognostic factor. This might result from the fact that the peripheral VEGF level was significantly influenced by the tumor drainage vein VEGF level. However, the correlation between peripheral and tumor drainage vein VEGF levels remains to be determined, as well as whether we can predict VEGF level in the tumor drainage vein from that in the peripheral vein, which is a crucial issue in terms of clinical practice.
This study has limitations. Although carried out prospectively, only a small number of patients were enrolled. The ELISA technique for the detection of circulating molecular marker is the gold standard. However, the paradigm has now shifted in such a way that biological processes are not expected to be explicated through the investigation of individual molecules. Rather it is the complex interplay between molecules as addressed by high-throughput technologies that is expected to yield complex results. Although we found that the VEGF and TIMP-1 levels in the tumor drainage vein have a significant relationship with synchronous and metachronous liver metastasis and hepatic recurrence following liver resection more than any other clinical parameters, blood from the tumor drainage vein is difficult to obtain, especially in nonsurgical patients.
Nonetheless, despite its limitations, the strong point of this study might be the well-defined homogenous patient subsets and long-term follow-up results. This study may also be one of few to cover not only clinical parameters but also molecular markers in developing predictive/prognostic factors for colon cancer liver metastasis.
In conclusion, on the basis of the results from the current study, colon cancer patients who had a high level of VEGF and TIMP-1 detected from the tumor drainage vein at their initial surgery were found to have a high risk of metachronous liver metastasis and hepatic recurrence following the resection of synchronous liver metastasis. The high levels of VEGF and TIMP-1 were also found to be significant prognostic factors that predict poor prognosis following liver resection. These results require validation but may pave the way for future transitional or clinical studies that may further elucidate colon cancer liver metastasis.
